A new method has been developed for the extraction chromatographic separation of Platinum(IV) with high molecular mass liquid anion exchanger as the stationary phase on a column of silica gel, with water as the mobile phase. The effect of different parameters viz. acid concentration, flow rate and stripping agent has been studied. The method incur separation of Platinum(IV) from multi component mixtures and applicable to the analysis of synthetic mixtures corresponding to alloys, catalysts such as Adam's catalyst, PlatinumRhodium thermocouple wire, Pharmaceutical samples such as Cis-Platin and Carbo-Platin. The method is simple, selective, cost effective and reproducible.
Introduction
The abundance of Platinum in the earth's crust is 0.01 ppm (Meyer's, 1987) . Platinum is the most important noble metal it finds applications in catalysis (Kallmann and Blumberg 1980) such as automobile catalytic converters. It has ample applications in electronics, laboratory equipments, electrical contacts, medicines, sensor electrodes and dentistry. The wide range of application in various fields has created intense interest in the separation of platinum at trace level is analytical worth. In Literature survey different techniques employed for determination of platinum are HPLC (Dong 2009 ), ICPMS (Jannsens et. al., 2011) , ED-ETAAS (Najafi et al., 2010) , GFAAS (Chappuy et al., 2010) , IC-AES (Canopavon et al., 2007) , Flow injection Chemiluminescence method (Malejko et al., 2007) , X-Ray fluorescence technique (Suzuki et al., 2001 ) and Flameless AAS (Cano et al., 1982) . These are derivative techniques which needs sophisticated instruments, high initial expenditure, regular maintenance and trained operator required. High molecular weight amines have been used for solvent extraction of metals viz. N-n-octylaniline , Kolekar and Anuse, 2003 , Lokhande et al., 2002 , n-octylaniline (Pohlandt, 1979 , Vasilyeva et al., 1975 , Gedye et al., 1989 , N-n-octylcyclohexylamine (Jagatap et al., 2013; 2012) , 2-octylaminopyridine Noronha et al., 2013; Mahamuni et al., 2010; Mahamuni et al., 2009 , 4-heptylaminopyridine (Khogare et al., 2016 , N-n-hexylaniline (Throat et al., 2009) . Moreover, solvent extraction requires immense quantity of organic solvents which are expensive and harmful.
Experimental

Instrumentation
A double beam UV-visible spectrophotometer (Elico model SL-191) with matched 10 mm quartz cells was used for absorbance measurements. A Contech electronic balance model CA-123 was used for weighing purposes. Calibrated glassware's were used and were cleaned by soaking in acidified solution of potassium dichromate followed by washing with soap water and rinsed two times with water.
Reagents
The stock solution of platinum(IV) was prepared by dissolving 1 g of chloroplatinic acid (H2PtCl6.H2O) (Loba Chemie, Mumbai, India) in 20 mL, hydrochloric acid solution (1.0 mol L -1 ) and made up to mark in a 250 mL volumetric flask with water and was standardized gravimetrically (Furman 1962) . The working standard solution of platinum(IV) (50 µg mL -1 ) was prepared from the stock solution. N-n hexylaniline (N-n-HA) has been prepared using method reported by Gardlunds (1973) . The working reagent solution (5.0 × 10 -2 mol L-1) of N-n-HA was prepared in chloroform. Solutions to test the effects of interferences were prepared by dissolving specific quantities of respective salts in distilled water or in dilute hydrochloric acid solution and diluted suitably. Double distilled water was used throughout the work. All of the reagents used were of analytical reagent grade.
Preparation of anion exchange material
Silica gel (60 -120 mesh) obtained from British Drug House India Ltd., dried at 120 0 C for 2-3 h, stored in desiccators. It was packed in a U tube through which a stream of nitrogen was bubbled though a small Durand bottle containing 20.0 mL dimethyldichlorosilane (DMCS) (Acros Organics. New Jersey. USA). DMCS vapor was continued for 4 h. The silica gel was washed with anhydrous methanol, and then dried method reported by Khopkar (2007) . A portion of 5.0 g silaned silica gel was soaked with 0.05 mol L -1 N-n-hexylaniline which was previously equilibrated with hydrochloric acid (1.2 mol L -1 ), and then the solvent was evaporated to get nearly dried gel. The slurry of N-n-hexylaniline coated silica gel in distilled water was prepared by centrifuging at 2000 r/min. Then the coated silica gel was packed into a chromatographic column to give a 6.0 cm bed, the bed was covered with glass wool plug.
Recommended Procedure
An aliquot solution containing 50 g platinum(IV) was made up to 25.0 mL by adjusting the concentration of hydrochloric acid to 1.2 mol L -1 . It was passed through the column containing 0.05 mol L -1 N-n-hexylaniline coated with silica gel at a flow rate of 1.0 mL/min. After extraction, platinum(IV) was stripped with 20.0 mL distilled water and determined spectrophotometrically reported by Sandell (1965) .
Results and Discussion
Effect of acid concentration on extraction
Platinum (IV) was extracted in the acid concentration range of 0.2 to 2.0 mol/L hydrochloric acid on the column coated with 0.05 mol L -1 N-n-hexylaniline as the stationery phase on hydrophobic silica gel. The extraction was found 99.99% at the 1.2 mol L -1 hydrochloric acid. Hence all quantitative recovery of platinum(IV) were carried out at 1.2 mol L -1 hydrochloric acid. After extraction of platinum(IV) from 1.2 mol L -1 hydrochloric acid it was stripped with 20.0 mL distilled water which is eco friendly stripping agent. For all practical purposes 20.0 mL distilled water was used as striping agent. Metal ion was extracted quantitatively in 1.2 mol/L hydrochloric acid media ( Figure. 
Effect of flow rate
The effect of flow rate on percentage extraction of platinum (IV) was studied from 0.5 to 3.0 mL min -1
. It was found that the percentage extraction decreases with increase the flow rate. Therefore flow rate was kept at 1.0 mL min -1 for further extraction studies.
Effect of varying concentration of platinum(IV)
The capacity of N-n-hexylaniline for platinum(IV) was evaluated using 0.05 mol L -1 N-nhexylaniline and extraction studies were carried out at 1.2 mol L -1 hydrochloric acid using 20 mL distilled water eluent. The concentration of platinum(IV) was varied from 25 g to 1200 g of platinum(IV) 20 mL of solution. The results in ( Figure. 2) showed that the extraction of platinum(IV) was quantitative up to 875 g. The extent of extraction of platinum(IV) decreased with increasing concentration of platinum(IV). 
Effect of N-n-hexylaniline concentrations
Applications
Separation of platinum(IV) from multicomponent mixtures:
In order to assess the possible analytical application the method was applied to separate Platinum(IV) from multicomponent synthetic mixtures containing platinum(IV) with different metal ions. It was possible to separate platinum(IV) from several metals, with which they were also co-extracted by N-n-Hexylaniline, by exploiting the differences in acidities at which these were stripped from column. When mixtures were passed through column with 1.5 M Hydrochloric acid Fe(III), CO(II), Cu(II) and Ni(II) were not extracted and hence it is passed through the column. Os(VIII), Au(III) and Bi(III) eluted respectively with 20 mL 1.0 M NaOH, Ammonia buffer and Acetate buffer. Platinum(IV) was quantitative recovery by 20 mL water carried out. This facilitated the separation of Pt(IV) from these ions in multicomponent mixtures Table 1 . 
Application to real samples
The effectiveness of the method was successfully applied for the separation of platinum (IV) from standard catalysts samples, Pharmaceutical samples viz. cis-platin and carbo-platin injections, adam catalyst and platinum rhodium thermocouple wire. The samples are changed into solution form by wet-oxidation method. Platinum (IV) was extracted by the proposed method and determined by the standard procedure. The results are in good agreement with certified value provided by Pharmaceutical company ( Table 2 ).
The composition of adam's catalyst (PtO2.H2O) was prepared in the laboratory method reported by Vogel (2007) . To the catalyst (50 mg), 5 mL aqua regia was added and the mixture was evaporated to moist dryness. The treatment of two 5 mL portions of HCl was followed and evaporated until all HNO3 has been removed completely. The residue was dissolved in distilled water, filtered through whatman filter paper No.1 and the filtrate was made up to 250 mL in a volumetric flask. An aliquot of solution was analyzed for platinum(IV) content by proposed method. A known weight (0.100 gm) of platinum rhodium thermocouple wire was preliminary fused with zinc powder and the melt was cooled and dissolved in hydrochloric acid. The black powder remained was treated with 5 mL aqua regia. After the reaction was over the whole solution was heated with two 5 mL portions of concentrated hydrochloric acid until complete removal of oxides of nitrogen and diluted with distilled water to 10 mL in standard volumetric flask. An aliquot of sample solution was taken and platinum(IV) was determined using the procedure described earlier.
The results of the analysis are given in table 2. 
Conclusion
The method is facile, adequate, efficient and yielding. It grants selective separation of platinum (IV) from associated metals. Low reagent and acid concentration are required for quantitative recovery of platinum (IV). It is adapted for the separation of platinum from pharmaceutical formulations, alloys and catalyst samples.
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